FORATTINI, O.P. et al. Studies on mosquitoes (Diptera: Culicidae) and anthropic environment. 1-Parity of blood seeking Anopheles (Kerteszia) in South-Eastern Brazil. Rev. Saúde Pública, 27: 1-8, 1993. Populations of Anopheles (Kerteszia) were sampled fortnightly over a one-year period (August 1991 to July 1992) at Ribeira Valley, S. Paulo State, Brazil. Indoor and outdoor collections were made on human bait at evening crepuscular period. The Polovodova technique for age grading was applied to 3,501 females of Anopheles cruzii and to 416 females of An. bellator. That sample represented 34.4% of the total number of mosquitoes collected. The most abundant species found was An. cruzii. However, An. bellator showed an endophagy that was almost three times greater than that of An. cruzii. The overall parous rate was 25.4% and uniparity was practically dominant one. A proportion of 26.9% of An. cruzii and 12.0% of An. bellator were found to be uniparous. Only three outdoor females of the former species (0.1%) showed biparity. Parity of An. cruzii was higher in females caught indoors than in those caught outdoors. Nevertheless, 497 nulliparous females examined (417 cruzii and 80 bellator) had ovaries that had advanced to Christophers and Mer stages III to V. These results imply that these females had already practised hematophagy. Relating these results to those from the parous females, a high statistical significance was found, leading to the conclusion that gonothophic discordance is a common pattern among these anophelines. Further, these results obtained with human bait catches strongly suggest that nearly 38.0% of these host-seeking females had already taken at least one previous blood-meal. So it is possible that enough time could thus be available for the plasmodian development in the vectors.
Introduction
Anopheline (Kerteszia) species are regarded as malaria vectors in the Atlantic Rain Forest System of southern and south-eastern Brazil, where that infection presents a low endemic level. Several interacting factors are recognized as determinants of the anopheline vectorial capacity. Combining parasitological and entomological parameters it is possible to attempt an estimation of the malaria reproductive ratio (Garrett-Jones 11, 12 , 1964; Dye 5 , 1986). As a critical parameter, vector survivorship may be mentioned because it determines the longevity, or expected duration, of vector infective life. The most commonly used measure is the parity, or parous rate, that is the age-composition of mosquitoes populations evaluated in terms of the female's gonotrophic cycles count. For that, the Polovodova technique represents the most widely used method (Detinova 3,4 ,1962 (Detinova 3,4 , ,1968 . Indeed, just parity determination gives only a crude estimative of mosquito age-composition, mainly as regards the Anopheles species in which blood meals and eggs laying may occur soon after the emergence. However, parity knowledge allows the differentiation of the young female section of the population from the older one. In that sense it has been the most frequent index actually used for the determination of the vector's agecomposition.
Through monitoring local anopheline populations, both in natural and anthropic environments, it should be possible to evaluate the regional receptivity to malaria endemicity. With this in view, the Ribeira Project was planned to carry out research in the so-called Valley region, in the south-eastern region of S. Paulo State, Brazil. In this paper, the results of observations on the age-composition of blood-seeking Anopheles (Kerteszia) cruzii and An. (Ker.) bellator, with indoor and outdoor human bait, are reported.
Study Site
Field works took place in an area near the village of Itapitangui, Cananéia County, known as the "Fonte" (Spring) region because it contains (Andrade Farm), neighbouring on the "Sítio Itapoã" (Itapoan Farm), a former observation site, the results from which have already been published, including a more detailed regional description ( Fig.1) (Forattini et al. 7 ,1986). The primitive natural environment is represented by the "Mata Atlântica" (Atlantic Rain Forest) covering the slopes of the "Serra do Mar" (Coastal reservoir for water supply. There are several localities in that region, including the one that was chosen for these observations, called "Sitio Andrade" Mountain Range). Research took place at the local anthropic environment, approximately one hundred meters away, in a straight line, from that forest. Figures 2, 3 and 4 show landscape photographs of this study site.
Material and Method
To sample the biting mosquito population, the collectors caught females as they came to feed from them on their exposed legs. The captures were performed indoors and outdoor during the evening crepuscular period (Forattini et al. 7 , 1986), for two hours uninterruptedly, with a regular fortnightly rhythm over one year, from August 1991 to July 1992.
After identification, the dissections were performed and the state of the ovaries and the condition of the follicular stalks were noted. The number of females dissected varied in accordance with the number of mosquitoes caught. As a whole, the percentage of specimens examined were 64.4 and 88.0 of the total An. cruzii and An. bellator indoor capture, while 30.8 and 40.0, respectively, were of each of those species caught outdoors. With the purpose of detecting blood present before egg-laying, ovarian follicle stages were identified according to the Christophers and Mer classification (Forattini 6 ,1962).
Results
Twenty-five sampling catches were made in all and 11,373 females of Anopheles (Kerteszia) were obtained ( Table 1 ). Of that number, 92.3% were An. cruzii and 7.7% were An. bellator. Nevertheless, regarding the two collection sites, An. bellator indoor presence (22.6%) was higher than that of An. cruzii (7.4%) as a proportion of the total number of the anophelines obtained. Thus comparing the mean, both indoor and outdoor, of these mosquitoes, it varied significantly (x 2 =9.81; p=0.001737). Thus, An. bellator has a probability of 3.71 higher than An. cruzii of being caught biting a man inside his house.
In view of the fact that in catches aimed at bloodseeking mosquitoes, the number caught corresponds, at least theoretically, to the number of bites that would be received by the catcher, that is, to the term ma of the equation of the malaria reproductive rate (Reisen 16 ,1989), it was possible to estimate the endophagy index (Ribeiro and Janz 16 ,1990) at 0.22 for An. bellator and 0.08 for An. cruzii.
Of the total obtained, 3,917 (34.4%) specimens were dissected, 3,501 (89.4%) of which were An. cruzii and 416 (10.6%) An. bellator (Tables 2 and 3). The overall parous rate was 25.4% which included 27.0% of the former and 12.0% of the latter species. With regard to the catching sites, indoor parity rates were 21.9% for An. cruzii and 11.6% for An. bellator, while the outdoor ones were 27.9% and 12.2%, respectively. That parous distribution was significant only for the former species (x 2 =7.44; p=0.0063678). Regarding the seasonal distribution, it was not possible to reach any consistent conclusion, although data suggested some parity increase related to the February-April period.
The uniparous condition, corresponding to one follicular stalk dilation, was practically the only one found. Nevertheless, ovarian development stages, according to Christophers and Mer, were found, as shown by the Tables 4 and 5 
Discussion
The dominance of the Kerteszia mosquito in the primitive Atlantic Rain Forest ecosystem of South and South-Eastern Brazil (Forattini et al. 8 , 1986 ) is well known. Despite the fact that these anophelines, particularly An. cruzii and An. bellator, are regular frequenters of the peridomiciliar environments situated near the forests, it seems that after their blood meal they have no tendency to rest inside human dwellings. For this reason they are considered as vectors with low domiciliarity, at least in the Ribeira Valley and neighbouring regions (Consolim et al. 2 , 1979; Forattini et al. 9 , 1990). Nevertheless, this exophilic behavior, commonly recorded for other species of the same subgenus, is a recognized feature assigned to these anophelines as malaria vectors (Forattini 6 , 1962; Quiñones et al. 15 , 1984; Carvajal et al. 1 ,1989). In this case the indoor presence must be considered as characterizing endophagy, which seems to be higher for An. bellator than for An. cruzii (Table 1) . Generally speaking, the endophagic habit of the former was about three times more frequent than that of the latter. To this behavior, it must be added to An. bellator very regular presence along the catching year, showing smaller seasonal variations at the higher density period (February-March) than was shown by An. cruzii over the same period. Thus it was possible to verify that the monthly catches of the latter species practically established the incidence profile (Fig.5) . Therefore, it seems reasonable to suppose that, at least in the study area, An. bellator presented some level of domiciliar tendency, even if limited to some degree of endophagy.
Regarding parity of anopheline populations, there is general agreement that the most suggestive data are those obtained through the examination of blood-seeking female samples (GarrettJones and Grab 11 , 1964). The obvious reason is that if they are females searching for hosts it would be interesting to investigate the possibility of previously-taken blood meals. Usually catches are simultaneously performed both indoors and outdoors. As for Kerteszia in the environment here studied data so far available concern An. cruzii. At Paraná State, biogeographically analogous to our region, indoor parous rates of 17.0% and outdoor ones of 15.0%, with as statistically significant difference, have been recorded (Luz et al. 13 , 1979). Nevertheless, the results here reported show outdoor parous rates of An. cruzii significantly higher than the indoor ones (Table 2) . These data agree with the absolute values found and so point to the high exophily of this anopheline (Table 1) . With respect to An. bellator, the similarity of the results obtained from the catches at the two sites can be interpreted as a result of the more uniform behaviour of this mosquito, in accordance with its endophagic habit.
As for age composition, parity was practically limited to the uniparous condition, that is, the finding of only one dilation of the follicular stalk. The biparous condition appeared rarely, in no more than 0.1% of An. cruzii blood-seeking females, agreeing with the results, mentioned above, obtained in Paraná. These aspects contrasted notably with those reported in Colombia for An. neivai, a species of the same subgenus, which showed up to ten follicular stalk dilations (Murillo et al. 14 , 1989). It may be possible to suppose a higher level of domiciliar activity for this anopheline due to more intense local human presence than at the site of the present studies, where Kerteszia mosquitoes seem to preserve a higher degree of sylvatic behaviour.
It is recognized that under normal circumstances nulliparous anophelines will not develop ovaries beyond the Christophers and Mer Stage II without a blood meal. So the discovery of Stages III or above in nulliparous individuals means that these females had already taken at least one blood meal. As shown in Tables 4 and 5 , of the total nulliparous and parous females examined, 557 (14.2%) had ovaries that had advanced to Stage III or above. Of that total, 476 (12.1%) were An. cruzii and 81 (2.1%) An. bellator. The significant difference found between nulliparous and parous allows one to consider the presence of Stages III to V in nulliparous females elevated, higher than in the parous ones. Thus it seems quite consistent to admit the hypothesis that these mosquitoes present a significant proportion of females with gonotrophic discordance, starting hematophagy early, before their first egg-laying. As it is possible to infer from the results obtained here, information has been obtained that might be useful in the assessment of south Brazilian Kerteszia vector capacity. Concerning longevity, the data yield knowledge of the age composition of the human-blood-seeking females. This initial phase of research only obtained information about general parity conditions and parameters of endophagy. Endophagic An. bellator, in spite of its relatively smaller density on human bait, shows evident endophilic behavior. Regarding the condition of completely dominant nulliparity, the non-negligible rates of nulliparous females with ovaries developed beyond Stage II of Christophers and Mer called our attention. So, the addition of these mosquitoes to the parous ones, leads to the conclusion that 1,493 (38.1%) of blood-seeking anophelines caught on human bait had taken at least one previous blood meal. By species, the rates were 34.8% for An. cruzii and 8.7% for An. bellator. These data strongly suggest that a significant part of that mosquito population need multiple blood feeding to develop a first clutch of eggs. This hypothesis leads to the supposition of an increased probability of malaria parasite infection and development in these vectors. 
